ABSTRACT: Densities of abalone in southern California have been dramatically reduced by overfishing and disease, leading to the collapse of some populations, and low fertilization rates may be hindering population recovery. This is a pattern typical of abalone species globally. However, movement may produce clustered distributions that promote fertilization success in broadcast spawners, such as abalone, even at low regional densities. We translocated wild, adult pink abalone Haliotis corrugata to an existing pink abalone patch to create a high-density aggregation, and then used acoustic telemetry to characterize abalone movement and monitor aggregation maintenance for a period of 14 mo in the Point Loma kelp forest near San Diego, California. Abalone showed a minimal flight response to handling that did not differ between the resident or translocated groups. Most individuals exhibited small home ranges (median area 183 m 2 ) and homing behavior consisting of regular back-and-forth movement to a single point. Nomadic movement was also observed in several individuals. Though site fidelity may help maintain aggregations, abalone density decreased, and nearest neighbor distances increased at our site to nearinitial levels after 18 mo via a combination of mortality, large movements of a few individuals, and small, incremental movements of most individuals. No coordinated movements that would suggest spawning behavior were observed. Translocation of wild abalone to produce aggregations may not result in high rates of fertilization success that promote population recovery. However, the homing behavior observed may provide more opportunities for mating than expectations based on static measures of density and aggregation state. 
INTRODUCTION
Fertilization success is a key factor in dictating population dynamics of marine species, particularly for broadcast spawning marine invertebrates (Levitan & Sewell 1998) . A variety of factors influence fertilization success, including current speed, turbulence, substratum complexity, population density and aggregation state, and species-specific fertilization kinetics (Denny & Shibata 1989 , Levitan et al. 1992 , Levitan & Young 1995 , Babcock & Keesing 1999 , Yund 2000 . Population density and aggregation state are the factors of chief concern when considering populations of harvested invertebrates that may be subject to increasing separation from potential mates. Sessile and sedentary invertebrates are particularly susceptible to fishery collapse due to a reproductive Allee effect (Gascoigne & Lipcius 2004) . Furthermore, abalone recruitment rates have been positively correlated with population aggregation state (Dowling et al. 2004) .
Many population models involving fertilization success in broadcast spawners assume that organisms are sessile. However, for sedentary organisms, such as abalone and sea urchins, movement has the potential to mitigate reproductive Allee effects, making prediction of fertilization success rates more complex than for truly sessile species. Moreover, abalone movement rates are highly variable within and among species, and for a given species, extended periods of little movement may be punctuated by long-distance excursions (Tutschulte 1976 , Ault & Demartini 1987 , Tarr 1995 , Dixon et al. 1998 , Officer et al. 2001 . Thus, to determine the role of abalone movement in fertilization success and in overcoming Allee effects, more information is needed about species-and habitat-specific movement patterns and aggregation potential. Movement of adult abalone has implications not only for mate finding ability but also for population mixing, containment within marine reserves, the potential success of population restoration programs involving abalone transplantation, and establishing benchmark densities used for management.
Attempts to restore abalone populations sometimes involve releasing juvenile abalone in suitable coastal locations. However, juveniles are susceptible to predation, may exhibit high propensities for dispersal, and those reared in captivity may not exhibit some behaviors that promote growth and survival (Schiel & Welden 1987 , Tegner & Butler 1985 , Tegner 2000 , James et al. 2007 , Roberts et al. 2007 , Hamasaki & Kitada 2008 . Creating aggregations by transplanting wild adult abalone may be an attractive alternative to releasing juveniles due to relatively low cost and high reproductive output and survival of large adults. Red abalone Haliotis rufescens in California maintain distributions that are more clustered than appropriate crevice habitat (Micheli et al. 2008) . Australian H. laevigata increase aggregation state prior to spawning (Shepherd 1986b) , and H. rubra reaggregate following removal of individuals via fishing (Officer et al. 2001) . These studies suggest that adults are attracted to each other and that artificial aggregations might be maintained. Aggregation state following manipulation for restoration might even increase beyond that during placement as individuals are brought into one another's area of sensory perception.
In this study, we employed acoustic methods to track the movement of pink abalone Haliotis corrugata in a high density artificial aggregation within a southern California kelp forest. Pink abalone is a former fisheries species in southern California estimated to be at 0.01% of its peak abundance in the 1950s (Rogers-Bennett 2002) . Little recovery has been observed in population density since the cessation of pink abalone fishing in 1997. This suggests low productivity at low densities and that recovery may require active restoration efforts. We investigated the movements of pink abalone in the context of responses to manipulation for restoration, and in the context of long-term natural behaviors that might reveal interactions among conspecifics and indicate mechanisms behind observed spatial distributions. Specifically, we tested whether (1) translocated abalone used to form an aggregation moved more than abalone that were native to the site; (2) an aggregation created by displacing abalone would be maintained over a period of 18 mo; and (3) individuals display coordinated movements that might correspond to spawning behavior.
MATERIALS AND METHODS

Tagging and translocation
Our study was conducted in the Point Loma kelp forest near San Diego, California, USA (Fig. 1) . A site for artificial aggregation was located in typical pink abalone habitat consisting of giant kelp Macrocystis pyrifora, understory kelps, and boulders on bedrock of claystone with shallow ledges undercutting the bottom. The boundary was designated as a circle with a 9 m radius, creating a 254 m 2 area (Fig. 1) . This area contained 23 adult pink abalone already residing in the site, representing a density of 0.09 abalone m −2 . To characterize the broader regional density and aggregation state of pink abalone around the site, we conducted 20 belt transect surveys (4 × 30 m) and 21 nearest neighbor distance surveys at randomly generated coordinates within a 9-hectare area centered on the site. Mean density on transects was 0.041 ± 0.033 abalone m −2 (mean ± SD) and mean and median nearest neighbor distance was 3.5 ± 4.1 m and 1.9 m respectively, for 19 out of 21 surveys on which abalone could be found.
We created an artificial pink abalone aggregation at our site in early fall, when water temperatures and abalone ripeness are near their highest levels along the southern California and Baja California coastline (Guzman-del Proo et al. 2000 , Button 2008 ). On 23 September 2009, the 23 native abalone in the site were removed from the substrate using an abalone iron and tagged as described below. Abalone were measured for shell length, sexed by visual inspection of the gonad, and tissue was removed in situ before being returned to their initial position within 5 min. If the sex was questionable, the body wall and gonad were pierced with a syringe and a small amount of gonad material drawn out and later inspected with a compound microscope. Tags consisted of both ultrasonic transmitters (Vemco model V9, 9 × 20 mm, Ami rix) and stainless steel washers with unique printed numbers. Tags were wrapped in stainless steel wire, which was then looped through the 2 last respiratory pores of the abalone. On the day following resident abalone tagging, we tagged, measured, and sexed an additional 23 adult pink abalone from an area approximately 2.2 km to the north within the kelp forest. On the same day, we placed these individuals haphazardly throughout the site in groups of 2 to 6, thereby creating a final density within the site of 0.18 m 2 , close to the theoretical minimum spawning density (0.2 m −2 ) required to sustain a viable population (California Department of Fish and Game 2002). We performed SCUBA surveys of the aggregation site and immediate surroundings throughout the study to check for dead animals. Shortly after the initial tagging, we tagged 3 additional abalone on or near the boundary of the site to re place individuals that had died.
Telemetry
We deployed 2 tracking systems (Vemco VRAP and Vemco VPS,) to track pink abalone movement at the aggregation site for a total of 14 mo. Both systems were used to record abalone spatial position from 23 September to 19 November 2009 (Deployment 1), and only the Vemco VPS system was used to record abalone spatial position from 26 May to 2 December 2010 (Deployment 2). Tracking was not possible from January through April 2010 due to rough ocean conditions. The VRAP system provides spatial position data in real time and was useful for groundtruthing during Deployment 1, but was not practical for long-term deployment due to the need for frequent maintenance, particularly in open water conditions. The VPS system provides information that is not collected in real time, but does not require frequent maintenance, making it more appropriate for longterm monitoring. Concurrent tracking using both systems during Deployment 1 allowed a comparison of performance of the 2 systems.
To deploy the VRAP system, we anchored 3 acoustic receiver buoys in an approximately equilateral triangle with 80 m sides centered on the aggregation area (Fig. 1 ). Buoys were anchored with bungee cords that were under constant strain to minimize tidal movement. We then placed an acoustic transmitter, used to estimate system resolution, at the center of the aggregation area about 1 m off the bottom. Abalone position information streamed from acoustic receiver buoys to a base station on land in a line of sight to the buoys. Abalone that appeared to be moving long distances or appeared not to move at all were noted and their coordinates were used to locate the abalone using SCUBA to ground truth system information and confirm animals as live or dead.
The VPS system uses an array of omnidirectional Vemco VR2W acoustic receivers moored 1.5 m off the bottom to detect transmitter signals, and triangulation of transmitter positions is achieved in post-processing by Vemco using proprietary software. The array design during Deployment 1 used 6 re ceivers, 1 at the aggregation site center and 5 placed 100 m apart in a circle around the site, and 6 synctags, 1 at the site center and 5 placed 50 m apart in a circle around the site (Fig. 1) . Synctags are the same transmitters used for animal tags but are fixed in place and are used to synchronize the internal clocks of each receiver. Calibration of these clocks is based on the arrival time of transmissions from synctags a known distance away, for multiple receivers detecting the same transmission. For Deployment 2, we added 5 receivers to the inside of the circle, concentrating potential to detect transmitters in a smaller area, and reduced the number of synctags to 4. This change in array design during Deployment 2 was done as an effort to increase abalone position frequencies.
Data processing
Both telemetry systems provided an estimate of accuracy with each animal tag and synctag position, and these were used to filter the datasets prior to use (Supplement 1 available at www.int-res.com/articles/ suppl/m486p189_suppl.pdf). Briefly, we genera ted estimates of positioning error for all tags by examining the relationship between the distance from the triangulated synctag position to the true position measured in the field. Various threshold levels of allowable error were used to filter the data for a set of the most frequently positioned animals to examine how choice of error threshold altered apparent space use. We then chose a threshold value of positioning error that balanced loss of spatial information and increased confidence in individual positions. VPS triangulated positions for synctags that were preserved below the threshold had a median distance from the known position of 2.7 m and 0.6 m during Deployments 1 and 2, respectively (90th percentiles of 6.6 m and 2.1 m). VRAP triangulated positions for synctags that were below the chosen threshold had a median distance from the known position of 3.4 m.
We combined data collected from the VRAP and VPS systems during Deployment 1 to perform analyses on the most complete dataset possible (Supplement 2). We then used GIS to plot positions for each animal and removed obvious erroneous positions (i.e. outlying positions that would require unreasonable movement speeds) before home range and movement analyses.
Home range calculations
Home ranges were calculated using the extension Home Range Tools (HRT) version 1.1 in ArcGIS 9.2. We calculated 50, 90, and 95% kernel utilization distribution (KUDs), and used a 90% KUD (90 KUD) as our measure of home range area for most analyses. The 90 KUD is the area where an abalone has a 90% chance of being found at a given moment. Raster cell size was set to the minimum of 1 m to match the fine spatial scale of the data.
Behavioral analyses
To characterize the general extent of pink abalone movement, we calculated (1) 90 KUD home ranges, and (2) mean step length both for abalone and for synctags. To determine if abalone were moving more than the apparent movement of stationary synctags, we compared the sizes of 90 KUDs using both full datasets and datasets made to have equal numbers of positions. Mean step length between abalone and synctags was compared using 2-tailed t-tests (Supplement 3). Data were checked for normality visually and for homogeneity of variances using Bartlett's test, and were transformed when necessary to meet the assumptions of these and all subsequent tests (Underwood 1997). We also calculated (3) total displacement of abalone between first and last positions, and (4) displacement from first position to the center of the developed home range for all individuals that were positioned for ≥ 2 wk, regardless of when positions were collected during the study. Additionally, to determine whether translocating aba lone caused a flight response, we calculated (1) displacement and (2) home ranges for abalone over the first 20 d of the experiment and compared these variables between translocated and resident abalone with separate 2-tailed t-tests. This period was chosen due to evidence of a shift in behavior after 20 d and only abalone that were positioned during most of the first 20 d following aggregation and having > 20 positions were used in this analysis.
Aggregation maintenance
To determine whether our artificial aggregation was maintained over time, we partitioned Deployment 1 into 9 consecutive time blocks and then calculated the area that encompassed the positions of all abalone during those blocks. The first 3 blocks, which immediately followed translocation, were 2 d in length to distinguish any immediate flight response. All subsequent time blocks were 7 d in length, except for one that was lengthened to 14 d due to the scarcity of position detections. For each time block, we noted the average position of each abalone as well as the median nearest neighbor distance. When an abalone that should have been present because it was known to be alive and in the study area was not detected, it was assumed to be in the same average position as in the previous time block. This assumption conservatively biases the analysis towards a lack of movement. We plotted abalone average positions for each time block in GIS and used Hawth's Tools to produce a minimum convex polygon (group MCP) that connects the outermost positions of animals in the group. This series of group MCP areas was used to track the spatial expansion of tagged individuals. Hawth's Tools were also used to produce the distances from each abalone to its closest neighbor.
Long-term patterns
To examine long-term variability in movement among individuals, we calculated monthly 90 KUD for 8 abalone that were consistently positioned for at least 3 mo. We excluded the first 20 d of Deployment 1 from these analyses to avoid a potential flight response. Monthly 90 KUDs were graphically examined for coordinated expansion or contraction of home ranges among individuals. This would suggest coordinated behaviors associated with spawning or environmental variability. We also examined homing behavior for 5 individuals regularly detected for at least 2.5 mo. Homing behavior (i.e. the consistent return to one or a few positions) may be due to forays away from and back to a particular location such as a den or home scar, or by more random back-and-forth movements within a restricted space such as a preferred foraging ground. To quantify homing behavior, for each of the 4 abalone, we calculated the bearing between subsequent positions and the bearing between each position and the center of the aba lone's home range. We chose a single point at the estimated center of the 50 KUD as home range center for each abalone. The distribution of differences between these 2 bearings should be centered on zero if the animal is showing high fidelity to a home site.
RESULTS
System performance
During Deployment 1, while both systems were in place, the VRAP system outperformed the VPS system by detecting more animals with greater frequency (Table 1) . However, the VPS had the potential for very good detection frequency. During Deployment 2, the VPS receiver density was in creased and concentrated in a smaller area around the aggregation, increasing potential for higher de tection frequencies while maintaining the same areal coverage. The new array did produce excellent detection frequencies, but only for a small number of abalone (Table 1) . We identified 33 tagged abalone remaining in or near the study area in SCUBA surveys during Deployment 2; however, many of these were never detected. Some abalone present in Deployment 2 may have occupied rocky crevices that prevented transmission detection (J. H. Coates pers. obs.), while others were frequently detected due to their position and increase in receiver density. It is also possible that there was a seasonal decrease in movement that resulted in the lack of detection of many abalone during Deployment 2 and this may not be evident in an analysis of those that were detected. We recommend that future studies use as many receivers as possible in high concentration when tracking abalone.
Analysis of behavior
Basic characteristics
Pink abalone generally exhibited small home ranges, traveled small distances around a home range center (Fig. 2B) , and had low displacement (linear distance) from initial to final position and from initial position to the center of an eventual home range (Table 2) . This is evident in a histogram (Fig. 3) of the frequency of distances moved from the first position to last and from first to center of the home range. The peak frequency of excursions from the initial placement was in the 10 m distance class; the greatest number of movements relative to the center of the home range was in the 5 m distance class (Fig. 3) . Hence, most abalone traveled small distances around a home range. While the majority of abalone home ranges were small, they were all larger than the home ranges calculated for synctags. The 'apparent' movement of synctags, due to error in positioning, results in apparent home ranges that can be compared to the abalone to determine whether their movements are real. The median abalone home range was 5-fold larger than the median synctag home range, indicating movement by all tagged abalone (Table 2 ).
Step lengths were significantly longer for abalone than for synctags (Supplement 3). There was no significant difference in mean 90 KUD between male and female abalone (Table 3) . We found no evidence of a difference in flight response between resident and translocated abalone; both 90 KUD and displacement after aggregation were very similar between the 2 groups (Table 3 ). Sex could be determined for 34 abalone and of those, 19 were female and 15 were male. Given the resolution of the tracking data, we were unable to determine how spatial position of these individuals of known sex varied relative to each other with time.
Aggregation maintenance
The group MCP grew for approximately the first 20 d of the study and then plateaued (Fig. 4) ; however, growth in group MCP areas was predominantly due to extensive movements by only 7 out of the 49 tagged animals, and most abalone remained within 2 m of their neighbors and inside or near the aggregation site boundary. Though abalone did not aggregate by moving closer together after being placed in close proximity, the median nearest neighbor distance increased by less than a meter throughout Deployment 1. Only 1 abalone left the listening range, and thus the plateau in group MCP was not primarily a product of loss of abalone with a tendency to move.
Long-term patterns
We found little evidence of coordinated movements among abalone that might constitute collective response to environmental conditions or spawning behavior. Monthly 90 KUDs varied within and among individuals but also was inconsistent among individuals (Fig. 5) . There was no apparent difference between males and females.
Abalone displayed fidelity to a home site within their home ranges. This can be observed in plots of the frequency of abalone movement bearings relative to the center of their home range. Table 2 . Haliotis corrugata. Median, first and third quartiles, and range for displacement of pink abalone from the first to last position and from first position to home range center, and comparison of median home range area for animal tags and synctags plots for 3 of the 5 individuals analyzed and the remaining 2 individuals are displayed in Supplement 3. These relative bearings were produced by noting the compass direction an abalone moved at each step and the corresponding compass direction the aba lone would have needed to move to go in the direction of home range center. These compass directions were then converted to radians and the difference between them represents a 'relative' bearing. A value of zero indicates the abalone moved in exactly the direction required to take it from its current position to its home range center. Peaks in relative bearing around zero seen in Fig. 6 show that abalone movements were most frequently directed towards the center of their home ranges. This suggests strong homing behavior to a single point in space that is closely identified with the home range center. Fig. 6 also shows the individual home range that corresponds to each relative bearing frequency distribution and these indicate the range of distances the abalone moved away from and back to the home range center. In comparison, apparent movement of the central synctag was centered on the central anchor point but showed a broader and less focused distribution of directions, indicating that abalone homing be havior was not an artifact of positioning error.
Over the course of our study, 17 out of the 49 tagged pink abalone (35%) were lost to a combination of mortality and emigration. We confirmed 9 mortalities of tagged abalone by finding empty tagged shells. Four of these mortalities occurred shortly after the experiment began and are likely the result of injury during handling or perhaps increased vulnerability to , respectively. Thus, over the long term, the density at aggregation was not maintained and remained only slightly higher than the unmanipulated state.
DISCUSSION
In this study, we used acoustic telemetry to quantify and characterize the movements of pink abalone in an artificial aggregation in a southern California kelp forest. Tagged pink abalone typically remained at or near the site of translocation and only slightly reduced their aggregation density over the course of 2 mo following translocation of individuals to a new site. While they were tracked, most abalone res tricted their use of space to a small home range and those that could be tracked for long periods made regular movements away from and back to a home site. Though these behaviors bode well for maintenance of abalone aggregations, site density was reduced by 42% after 18 mo due to emigration and mortality, resulting in a density only slightly greater than the unmanipulated state. Homing behavior could increase the opportunities of individuals to interact with conspecifics; however, we observed no coordinated movement among individuals that suggested spawning behavior. We conclude that pink abalone movements are more dynamic than previously realized and have the potential to modify expectations of fertilization success. However, aggregation of wild abalone as a restoration strategy has mixed potential for success.
Abalone movement
Many pink abalone in our study had small home ranges and high site fidelity over the course of several months. Similarly, in Australia few marked Haliotis rubra were recaptured more than 10 m from their starting position after 4 mo (Dixon et al. 1998) , and 47% of marked and recaptured H. midae in South Africa remained within a small site after 3 yr, with 81.5% of individuals in exactly the same position (Tarr 1995 ). In contrast, marked H. rufescens on the northern California coast moved 1 to 6 m per day and up to 150 m least linear distance per month, and did not return to previous sites (Ault & Demartini 1987) . Abalone movement rates are higher in shallower, more hydrodynamically active environments (Shepherd 1986a , Ault & Demartini 1987 , Dixon et al. 1998 ). Thus, some of the observed differences among species may be attributed to habitat as well as to experimental technique. It is important to note that markrecapture techniques used in the previous studies may underestimate movement rates if aba lone continually move to and from a home site, which we were able to observe with continuous tracking in our study.
Abalone must be able to sense and move to conspecifics to maintain an aggregated distribution in the face of loss due to harvest, natural mortality, and emigration. Aggregated distributions, even within low regional densities, have been observed in California pink and red abalone (Button 2008 , Micheli et al. 2008 ), as they were by our surveys. Aggregated dis tributions would have likely resulted from a balance between site fidelity and exploration of new territory on the part of all or a subset of individuals, and our long-term movement records shed light on some of these processes. First, there appears to be a clear divide between 2 behavioral modes (Fig. 2) . Most of the abalone restricted their use of space, resulting in small median home range size and total displacement (either from initial to final positions or from initial positions to a home range center). In contrast, a small number of abalone displayed more exploratory, nomadic behavior for which defining a home range area is less appropriate. The dual behavioral modes we observed are analogous to 'partial migration', wherein some individuals display migratory patterns while others remain residents (Chapman et al. 2011) . Some of the ecological drivers (e.g. variation in body condition and relative need for food or mate resources) that are attributed to partial migration plasticity may explain varied abalone behaviors. It is not clear how frequently individual abalone may switch between these behavioral modes.
Second, analysis of the bearings of movement within the home range for a subset of abalone with high positioning frequency indicated that pink abalone in our study moved away from and back to a consistent point within the landscape. We commonly observed abalone returning to their home range center after moving on the order of 10 to 20 m away, sometimes within a single day. One abalone in particular (AB2) occupied an entirely new area for several days, but also eventually returned to its previous home range. Homing to a point location has been observed in some abalone species but only from a distance of ≤1 m from the home (Nakamura & Soh 1997 , Nakamura & Archdale 2001 , though abalone in these studies were housed in laboratory aquaria that may have severely restricted their movement. Pink abalone observed during our study often had an identifiable home 'scar' or clean area of rock beneath them that was devoid of other macrofauna. Scars also have been observed in several other cases (Ault & Demartini 1987 , Tutschulte & Connell 1988 , Tarr 1995 and may have contributed to assumptions that individuals never leave these sites. Homing may be more common in abalone than suggested by many field surveys, which often are not conducted on an appropriate temporal scale to detect homing.
Homing behavior has been observed in a variety of vertebrate and invertebrate taxa in terrestrial and marine habitats (Borger et al. 2008 ) and often is a product of strong fidelity to sites that offer superior opportunities for feeding (Thums et al. 2011) , breeding (Espeland et al. 2007) , predator avoidance (Mitamura et al. 2009 ), or territorially defending limited resources (Kadota et al. 2011) . Home ranges may also arise due to tradeoffs between travel cost and acquisition of resources (Buchmann et al. 2011) . For instance, abalone are likely to face tradeoffs between acquisition of food or mates and increased susceptibility to predators. An abalone that moves may be better able to locate food when drift algae is limited, or may experience higher fertilization success by moving closer to conspecifics. However, traveling may increase susceptibility to predators because abalone (1) must leave their home scar and seek refuge within crevices that may not match their body size; (2) may travel over substrata that may weaken their ability to adhere to the substrate; and (3) may increase their visibility to searching predators.
We found no common pattern in home range size variation among abalone tracked for 7 mo. Therefore, no evidence existed for coordinated changes in movement patterns over time that might indicate group reaction to spawning cues. The size frequency distribution of juvenile pink abalone in the Point Loma kelp forest in summer 2010 (data not shown) suggest that the adult population spawned in summer 2009 and winter 2009−2010. Therefore, mate seeking movements were most likely during Deployment 2. Spatially explicit models of broadcast spawner fertilization dynamics have shown that increases in aggregation state improves fertilization success at low (Lundquist & Botsford 2004 , Zhang 2008 as well as intermediate (Levitan & Young 1995) population densities, but it is unclear if aggregation behavior is related to reproductive timing.
Mate seeking behavior might be dependent upon an appropriate density of individuals, above or below the theoretical minimum viable population (MVP) density identified by the California Abalone Recovery and Management Plan. This density (0.2 m −2 ) is based on studies of recruitment failure in south Australian abalone (Shepherd & Brown 1993) and the densities of red abalone in southern California before population declines (Tegner et al. 1989 , Karpov et al. 1998 . Thus, the MVP is not specific to pink aba lone and species-specific refinements are needed. Though observations of abalone behavior that are directly related to spawning are limited, the distribution of the Australian abalone Haliotis laevigata changes from random to aggregated just before the spawning season (Shepherd 1986b ). In a rare field study noting abalone sex, Seamone & Boulding (2011) found that Canadian northern abalone H. kam tschat kana were significantly aggregated without regard to sex. However, nearest neighbor distances of opposite sexes were only closer than expected under a random distribution at the lowest density site (0.12 adults m −2 ). While this and other studies confirm that abalone aggregate irrespective of sex at a range of dens ities, they also may indicate a sex-dependent behavioral response to low density that would improve fertilization.
While our initial aggregation density was not maintained, the observed homing behavior has the potential to bring individuals close to one another. Abalone fertilization rates drop dramatically over the first 5 m between mates (Babcock & Keesing 1999). Therefore, abalone traveling 10 to 20 m within their home ranges can overcome distance challenges to fertilization. Pink abalone spawn asynchronously relative to other southern California abalone species (Tutschulte & Connell 1981) . Therefore, if they do exhibit mate seeking behavior rather than aggregation irrespective of sex or spawning readiness, a lack of coordinated movement might be expected.
Implications for restoration
Manipulating abalone populations to restore populations or increase fishery yield has been attempted predominantly through planting juvenile stages and releasing larvae, expensive techniques that have met with mixed success in short-term survival (e.g. Schiel & Welden 1987 , Tegner & Butler 1985 , Tegner 2000 , James et al. 2007 , Roberts et al. 2007 , Hamasaki & Kitada 2008 . Long-term survival of hatchery released larvae and juveniles was recently assessed by Read et al. (2012) , who found that up to 26% of emergent adults were from hatcheries. While this is encouraging, the overall density was still considered to be low. Therefore, larger scale hatchery enhancement efforts with genetic diversity management may be required. Shepherd et al. (2000) attempted a stock enhancement for abalone in Australia via larval release and monitoring of subsequent settlement and survival. The technique was not recommended due to density dependence and unpredictability in larval survival and settlement success.
Despite the homing behavior and small home ranges that we observed, our results suggest little benefit to aggregation of wild adults over other restoration techniques. While many individuals maintained small home ranges with strong fidelity to a single point and short displacement from initial position for several months (some for over a year), movement and mortality eventually resulted in density returning close to the pre-manipulation state. In contrast to our results, Tutschulte (1976) increased adult pink abalone density at Santa Catalina Island, California by nearly 3-fold and after 1 yr density was approximately 2 times greater than before manipulation. If density maintenance like that observed by Tutschulte (1976) is more common than ours, artificial aggregation of adults might still be a useful restoration technique due to the additional advantage of being able to move abalone to safer or more productive areas.
The first criterion that should be satisfied for aggregation to be a useful technique is a lack of flight response following manipulation. Though there was some indication that handling and tagging abalone induced a mild flight response in some individuals, we consider this criterion largely met in our study. Mean home range size for all abalone in the aggregation was slightly larger and more variable during the first 20 d post-aggregation compared to the following 38 d. The area encompassing all tagged abalone, as well as the median nearest neighbor distance, grew over the first 20 d post-aggregation and then stabilized. This, however, was predominantly due to the movements of a few abalone. Notably, we found no difference in movement between resident and translocated abalone, suggesting that the additional handling necessary to transport abalone to a new site did not result in a greater disturbance response than for resident abalone.
In the long-term, the value of creating abalone aggregations for restoration depends not only on losses due to movement, but also to mortality. Abalone losses in our study were comparable to another study conducted in the Pt. Loma kelp forest in which yearly survival of pink abalone was found to be 0.77% (± 0.05% SE) during a 3 yr study (Button & Rogers-Bennett 2011) . Given the reductions in density that occurred at our site over the course of the study, manipulation of a much larger group of individuals into greater densities would be needed to combat expected losses due to mortality and emigration. Manipulation of abalone carries the potential for injury and death and it is not yet clear that the potential reproductive benefits of aggregation outweigh this cost. A cautionary approach might be to consider our results as evidence for the potential efficacy of marine reserves for stabilizing or enhancing abalone populations. This is because our results indicate that groups of abalone already existing in suitable habitat for foraging and protection from predators likely have small home ranges. These abalone will achieve larger body sizes and enhanced larval output, and with small home ranges, may rarely emigrate to outside fished areas. Restoration actions or reserves could have a good chance at success if sites are chosen carefully and the number of abalone involved is sufficient to counteract expected losses. 
